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“Paradoxically, in spite of the ubiquity of this species, little is known on its 
growth and the factors controlling it.”  
 
C. Lancelot and S. Mathot (1987) 
chapter 7 
 118 
ABSTRACT. In batch cultures of flagellates and non-flagellate cells of Phaeocystis 
globosa the biomass yield was significantly enhanced by the addition of a mixture of the 
vitamins thiamine (B1), cyanocobalamin (B12) and biotin (H). A bioassay with B1 and 
B12, using the non-flagellate cells of Phaeocystis globosa, showed that this 
prymnesiophyte is a B1 auxotroph. The bioassay also indicated a significant difference 
in growth rate between culture medium with 10 nmol litre-1 B1 (µ = 0.80 day-1) and 
culture medium with 10 nmol litre-1 B12 (µ = 0.52 day-1). These findings are discussed in 
relation to the hypothesis that centric diatoms, through vitamin B1 excretion or B12 
depletion, initiate Phaeocystis blooms. It is concluded however, that an alternative 







Many phytoplankton species require one or more vitamins for growth, a 
phenomenon called auxotrophy. This implies that vitamins can become a 
limiting resource and that they can play a role in phytoplankton growth and 
succession (Provasoli and Carlucci 1974, Swift 1980, Bonin et al. 1981). The 
vitamin requirement of many species that play a key role in the primary 
production of seas and oceans is not known. This is also the case for 
Phaeocystis, a ubiquitous prymnesiophyte (Davidson and Marchant 1992) that 
is particularly well studied in the North Sea (Gieskes and Kraay 1975, Bätje 
and Michaelis 1986, Cadée and Hegeman 1986, Veldhuis et al. 1986, Weisse et 
al. 1986, Lancelot et al. 1991, Brussaard et al. 1995, Peperzak et al. 1998). In 
the first place the sensitivity and specificity of the vitamin requirement of this 
species is unclear. Secondly, the concentrations and fluxes of vitamins in the 
North Sea have hardly been studied in any detail. Bioassays of North Sea 
water with the diatom Skeletonema costatum and the cryptophyte Rhodomonas 
sp. indicated that vitamins and/or trace metals may occasionally become 
limiting in the Dutch coastal zone for Rhodomonas sp. (Peeters and Peperzak 
1990, Peperzak and Peeters 1991). Thirdly, the effect of competitive and non-
competitive inhibitors of vitamins should be considered (Provasoli and Carlucci 
1974). Recently, Escaravage et al. (1995) have hypothesised the production of a 
vitamin B12 inhibitor by Phaeocystis sp. in order to explain its dominance over 
S. costatum in a mesocosm experiment. 
 The first attempts to culture Phaeocystis (P. pouchetii) were made by 
Lagerheim (1896) who reported that the colonies died within 12 hours. Gran 
(1902) had less problems with Phaeocystis cf. globosa: ‘die Kolonien konnten in 
kleinen Aquarien im Laboratorium ohne Schwierigkeiten am Leben erhalten 
werden’. Dangeard (1934) observed the formation of Phaeocystis cf. globosa 
colonies in a sample of untreated seawater taken in winter at the French 
Atlantic coast. The first uni-algal cultures of Phaeocystis (P. globosa) were 
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established by Kornmann (1955) in (Erd)-Schreiber medium. This led to the 
first observation of the beneficial effect of soil extract (0.5-2%) on colony 
development and Phaeocystis growth (Kornmann 1955). Soil extract is 
traditionally considered a source of organic and inorganic micronutrients 
(Stein 1975). Unfortunately, the composition of soil extract is variable and this 
may be the reason for conflicting reports on its effects. For instance, Kayser 
(1970) observed a retardation of colony development of a North Sea Phaeocystis 
strain, at increasing concentrations (0.1 - 10%) of soil extract.  
 In the Irish Sea, Jones and Haq (1963) found circumstantial evidence that 
an “essential growth factor” for Phaeocystis was provided by river run-off. 
Weisse et al. (1986) hypothesised that “dissolved organic substances” played a 
role in the diatom-Phaeocystis succession in the German Bight. Jahnke (1989) 
measured higher growth rates of Phaeocystis sp. in cultures based on coastal 
seawater compared with ocean water. Boalch (1987) observed that Phaeocystis 
colonies appeared on a Chaetoceros sp. only and hypothesised that this diatom 
produced some “chemical” which triggered the transition of solitary cells to 
colonies. Based on similar field observations, Lancelot et al. (1991) attributed a 
key role to Chaetoceros sp. in Phaeocystis colony initiation. 
 Despite these observations and much physiological research on the genus 
Phaeocystis (reviews by Davidson and Marchant 1992, Lancelot and Rousseau 
1994 and Riegman and van Boekel 1996), the vitamin requirement of 
Phaeocystis has not yet been elucidated. Chu (1946) claimed that the organic 
phosphate phytin had a growth-stimulating effect on Phaeocystis. However, 
van Boekel (1991) suggested that inorganic phosphate might have been 
released in Chu’s cultures through bacterial activity.  
 Spencer (1981) investigated the effect of vitamins on colony growth of a 
Phaeocystis sp. strain, isolated from the Irish Sea. In a natural seawater 
medium without vitamins added, or with 2 nmol l-1 biotin, he found an 
induction period of two days before colonies were formed. The addition of 1.5 
nmol l-1 B1 or 74 nmol l-1 B12 suppressed the formation of colonies. When the 
same experiments were repeated in a vitamin-free (charcoal-treated) seawater 
medium, the formation of colonies was delayed when B1 or B12 had been 
added (Spencer 1981). This delay was hypothetically attributed to the removal 
of the stimulus for the motile uni-cells to initiate colony formation. Biotin 
(vitamin H) had no such effect (Spencer 1981).  
 Although the vitamins B1 and B12 suppressed colony formation, Spencer 
(1981) could not maintain axenic Phaeocystis sp. cultures indefinitely in 
vitamin-free media and he interpreted this as an indication that the alga is 
auxotrophic. On the other hand, Davidson and Marchant (1992) maintained 
colonies of Phaeocystis sp. for six culture generations in synthetic seawater 
without vitamins, and they concluded that mixotrophic nutrient sources were 
not obligatory. To investigate this contradiction, two experiments were carried 
out. In the first experiment the combined effect of vitamin B1, B12 and H on 
Phaeocystis globosa biomass yield in routine cultures was investigated. In the 
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second experiment, a bioassay with P. globosa was performed to examine 
which vitamins are required for growth. Of the 15 species of haptophytes listed 
in Provasoli and Carlucci (1974), eight are strict B1 auxotrophs while six 
species need B1 and B12. Therefore, these two vitamins were chosen in the 
bioassay using non-flagellate cells, the type which commonly forms Phaeocystis 








In this first experiment, the effect of the vitamins thiamine (B1), 
cyanocobalamin (B12) and biotin (H) was examined by adding them collectively 
at a concentration of 1 nmol l-1 each to PEP-Si culture medium. This culture 
medium was made four times, from batches of seawater sampled in the 
Oosterschelde (North Sea) in four seasons (April, July and October 1995 and 
January 1996) as described by Peperzak et al. (2000a). 
 Two cell types of Phaeocystis globosa clone Ph91 (Peperzak 1993), 
flagellates and non-flagellate cells (not axenic), were cultured at 15°C, 10 W m-
2 in a 12:12 light:dark cycle. Growth was measured three times per week as in 
vivo fluorescence on a Hitachi F2000 spectrofluorometer (λex = 435 nm, λem = 
683 nm). The total number of cultures with vitamins added was 22 (12 
flagellate and 10 non-flagellate cultures), in 21 control cultures the vitamins 
were omitted (10 flagellate and 11 non-flagellate cultures). Fluorescence 
measurements were processed using a growth curve model that was based on 
the logistic growth model (Peperzak et al. 2000a). With this growth curve 
model, five growth curve variables were calculated per culture: length of the 





In order to reduce the total number of possible comparisons, a statistical 
analysis was made in which the effects of the two experimental factors, P. 
globosa cell type and vitamins, on all five growth curve variables were 
simultaneously examined. Flagellates and non-flagellate cells had a 
significantly (P < 0.05) different lag time, growth rate, duration of stationary 
phase and death rate. In contrast, biomass yield was not significantly different 
between flagellates and non-flagellate cells. The statistical analysis also 
indicated that addition of vitamins had no effect on lag time, growth rate, 
duration of stationary phase or death rate (not shown). Vitamin additions did 
have a significant (P < 0.05) effect on biomass yield. Because the natural 
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vitamin concentrations in seawater change during the season (Provasoli and 
Carlucci 1974, Swift 1980), the effect of two factors, vitamin addition and 
seawater batch (season), on one variable, biomass yield (both cell types 
combined), was examined in an ANOVA (analysis of variance). 
 
vitamin requirement bioassay 
 
In this second experiment, the effect of individual additions of vitamin B1 and 
B12 on growth rate and biomass yield of non-flagellate P. globosa cells was 
measured. One batch of Oosterschelde seawater was used (August 1993). To 
remove naturally occurring vitamins this seawater was treated with charcoal 
following Carlucci (in Stein 1975). With this seawater four media were made: 
NONE (no vitamins added), B1 (10 nmol l-1), B12 (10 nmol l-1) and ALL (both 
vitamins at 10 nmol l-1 each) and other nutrients as in the first experiment. A 
culture of P. globosa clone Ph91, made axenic by antibiotic treatment (courtesy 
M. van Rijssel, University of Groningen) and containing > 90% non-flagellate 
cells had been kept in NONE for 1 month prior to inoculation. The cultures (106 
cells l-1 at t = 0) were incubated at 14.5°C, 15 W m-2 in a 12:12 light:dark cycle. 
Checks for bacterial presence with phase contrast microscopy were negative.  
 All cultures were grown in duplicate. Growth was measured as in vivo 
fluorescence (see above). Only growth rate and biomass yield were calculated 
using standard procedures (Stein 1975). The effect of the four media on growth 
rate and biomass yield was analysed in an ANOVA model, after which the 










In the first experiment the effects of vitamin addition and seawater batch (four 
seasons) on biomass yield of Phaeocystis globosa were examined. When 
vitamins had been added to the culture media the mean biomass yield was 
significantly higher (Figure 7.1a, Table 7.1). The box plots in Figure 7.1a also 
indicate that the addition of vitamins reduced the variability of biomass yield. 
The seawater batches for the culture media had been collected in four different 
seasons and this had a significant influence on biomass yield as well (Table 





Figure 7.1. Box plots of  biomass yields, as in vivo fluorescence (Fv) units, in Phaeocystis 
globosa cultures of flagellates and non-flagellate cells (combined), (a) as a function of 
vitamin (B1+B12+H) additions and (b) as function of seawater batch (yymmm). 
 
 
Table 7.1. ANOVA result of the effect of vitamins (B1+B12+H) addition, and natural 
seawater batch (4 seasons), on biomass yield of Phaeocystis globosa flagellate and non-
flagellate cells (n = 44). Shown are the F statistic and the probability (P) for testing the 
null hypothesis that the means in each category are equal.  
Category F P 
vitamins 31.4 < 0.000010 
batch 33.6 < 0.000001 
interaction 19.7 < 0.000001 












































Figure 7.2. Phaeocystis globosa non-flagellate cells in a medium with no vitamins added 
(NONE), with vitamin B1, vitamin B12, and B1+B12 (ALL). (a) biomass yield as in vivo 




vitamin requirement bioassay 
 
In this second experiment, the effect of the vitamins B1 and B12 on growth 
rate and biomass yield of the non-flagellate P. globosa cells was examined. 
During the experiment visual differences between the cultures with (ALL and 




































































































B1) and without vitamin B1 (NONE and B12) became apparent within two 
weeks: the cultures with B1 were greener and they also contained more 
colonies. Measurements confirmed that the B1 cultures attained a higher 
biomass (Figure 7.2a).   
 The ANOVA of the four treatments on biomass yield was significant (r2 = 
0.98, P < 0.001). A Tukey test confirmed that the biomass differences between 
ALL and B1, and NONE and B12 were significant (P < 0.005). The effects of 
the vitamins on P. globosa growth rate were also different (Figure 7.2b). The 
ANOVA of the four treatments on growth rate was significant (r2 = 0.84, P < 
0.05). The highest growth rates were attained in the medium with B1 (µ = 0.80 
day-1), the lowest in the medium with B12 (µ = 0.52 day-1). The difference 
between these two was significant (Tukey, P < 0.05). In NONE, the growth rate 
was higher (µ = 0.56 day-1) than in the B12-medium, and in ALL it was lower (µ 
= 0.66 day-1 ) than in the B1-medium (Figure 7.2b), indicating that vitamin B12 
had a negative effect on Phaeocystis growth rate. The fact that some growth did 
occur in media without B1 added was probably due to inadequate vitamin 








B1 auxotrophy is common among the prymnesiophytes (Provasoli and Carlucci 
1974, Swift 1980), and Phaeocystis globosa is no exception. The vitamin 
requirement experiment indicates that non-flagellate cells of Phaeocystis 
globosa are B1 auxotrophs. The simultaneous addition of the vitamins B1, B12 
and H to cultures of flagellates and of non-flagellate cells of P. globosa 
stimulated biomass yield significantly in both. This suggests that the 
flagellates of P. globosa are B1 auxotrophs too.  
 On the other hand, Davidson and Marchant (1992) could culture their 
Phaeocystis sp. in vitamin-free synthetic seawater and concluded that it was 
not auxotrophic. Unfortunately, it is uncertain which Phaeocystis species 
Davidson and Marchant (1992) used. Indeed, they did not differentiate 
between P. pouchetii and P. globosa. Their deviating results suggest that B1 
auxotrophy varies among the species of Phaeocystis. Similarly, in Provasoli and 
Carlucci (1974), the prymnesiophyte genus Coccolithus (Emiliania) is listed 
once as a strict B12 (E. huxleyi), and twice as a strict B1 auxotroph (Emiliania 
sp. and  E. huxleyi).  Differences in auxotrophy could also be due to the fact 
that within a species, individual clones occur with different vitamin 
requirements (Swift 1980). Bioassays with different Phaeocystis species and 





effects of vitamins on Phaeocystis growth  
 
In this study, a negative effect of 10 nmol l-1 B12 on growth rate was observed 
(Figure 7.2b), while 1-10 nmol l-1 B1 had a positive effect on biomass yield 
(Figure 7.1a, 7.2a), growth rate (Figure 7.2b) and colony formation (not shown). 
Comparison of these findings with growth data from soil extract media is 
difficult because the composition of soil extracts is unknown. In general, the 
conclusion seems to be valid that high B12 concentrations added directly (or 
indirectly via soil-extract) suppress colony formation of Phaeocystis (Kayser 
1970, Spencer 1981). The direct or indirect addition of B1 promotes Phaeocystis 
growth (Kornmann 1955; this paper) although Spencer’s (1981) observations on 




A positive role for organic substances in the development of Phaeocystis blooms 
in the sea has emerged in several studies (Jones and Haq 1963, Weisse et al. 
1986, Jahnke 1989). Boalch (1987) hypothesised that the centric diatom 
Chaetoceros sp. triggered Phaeocystis colony formation by releasing a chemical. 
The production of vitamin B1 has been shown for the centric diatoms 
Skeletonema costatum and Stephanopyxis turris (Swift 1980). However, B1 
production has not been demonstrated for Chaetoceros spp., and its role in the 
initiation of Phaeocystis blooms remains unresolved. 
 A new hypothesis complementary to that of Boalch (1987) is that centric 
diatoms, which are predominantly B12 auxotrophs (Provasoli and Carlucci 
1974), create a microzone around the cell with a reduced B12 concentration. 
Such a microzone will be created when a cell takes up B12 with a rate higher 
than the supply rate which, near the cell surface, is determined by molecular 
diffusion (Mann and Lazier 1991). A low B12 concentration near the diatom 
cell surface would be beneficial to Phaeocystis colony formation (Spencer 1981) 
and to its growth rate (this study: Figure 7.2b). Indeed, Cadée and Hegeman 
(1991) reported that Phaeocystis colony formation not only takes place on 
Chaeotoceros sp., but also on other centric diatom species (Bacteriastrum 
hyalinum, Biddulphia sp., Coscinodiscus sp.). 
 On the other hand, Cadée and Hegeman (1991b) inferred that not a 
chemical  but only the need for a solid substrate is probably involved in colony 
formation of Phaeocystis. Kayser (1970) observed that Phaeocystis, attached to 
the walls of his culture bottles, continuously released solitary cells and colonies 
into the medium. This observation, and the fact that young Phaeocystis sp. 
colonies were found on different diatom species in the Marsdiep (North Sea), 
led Cadée and Hegeman (1991) to their statement that excretion of an organic 
chemical was not necessary to initiate colony formation. Their conclusion has 
experimental support. Spencer (1981) did not find a positive influence on 
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Phaeocystis colony formation after filtrates of diatom cultures were added. He 
did, however, measure considerable colony formation when a natural littoral 
sediment composed mainly of sand and shell fragments was added to the 
Phaeocystis cultures (Spencer 1981). Furthermore, Rousseau et al. (1994) 
showed that colony formation can be triggered by any solid substrate and, 
according to Riegman and van Boekel (1996), the rate of Phaeocystis sp. colony 
formation in culture is linearly related to the glass wall surface area. There is 
no such experimental support for a role of diatoms by B1 production or B12 
depletion in the initiation of Phaeocystis blooms.  
 It is concluded, therefore, that Phaeocystis bloom initiation by diatoms is 
probably based upon a physical, not a chemical (vitamins) phenomenon. 
However, the low Phaeocystis biomass yield in the January-batch of seawater 
(Figure 7.1b), i.e. at a time before any diatom bloom has taken place in the 
Oosterschelde (Bakker et al. 1990), warrants further examination of the role of 
vitamins in Phaeocystis bloom development in the sea. The findings that 
Phaeocystis sp. is a vitamin autotroph (Davidson and Marchant 1992) and that 
Phaeocystis globosa clone Ph91 is a B1 auxotroph (this study) indicates 
possible differences in the vitamin requirement within the genus Phaeocystis. 
 
